Animals selected for residual feed intake (RFI) can be used as a model to elucidate molecular explanations for differences in growth efficiency. The objective of this study was to determine the extent to which the protein profile and posttranslational modifications of mitochondria from skeletal muscle and liver relate to feed efficiency gains in pigs divergently selected for RFI. Mitochondria were isolated from the longissimus dorsi (LD) muscle and the liver from pigs (n = 9 each for the high and low RFI line; BW = 95.8 kg). Mitochondria protein profile differences were determined using two-dimensional difference in gel electrophoresis. Proteins were identified using electrospray ionization mass spectrometry. In the line comparison, the β subunit of ATP synthase, heat shock protein (HSP) 60, and HSP70, were identified as being increased in mitochondria from the liver of the low RFI line (23 to 50%; P < 0.1). These differences were not observed in the other comparisons. In the LD, proteins identified as being different between RFI phenotypes included HSP70 and subunit 1 of the cytochrome bc1 complex. These data indicate that genetic selection for RFI tends to result in a consistent change in mitochondrial protein profile. In contrast, classification by phenotype demonstrates that phenotypic differences in RFI are not specifically associated with alterations of the mitochondria protein profile.
INTRoDuCTIoN
The biology underlying feed efficiency in livestock for lean tissue gain and meat production is complex. To elucidate some of these biological differences in feed efficiency, we used Yorkshire pigs that have been divergently selected for residual feed intake (RFI; Cai et al., 2008) . Residual feed intake is a measure of feed efficiency calculated by determining the difference between an individual animal's observed feed intake and its expected feed intake based on the animal's rate of growth and backfat Cai et al., 2008) . Pigs with a low RFI consume less feed than expected while maintaining similar growth performance and back fat compared to high RFI pigs (Barea et al., 2010; Boddicker et al., 2011) .
Mitochondria are responsible for 90% of ATP production in the body. We have previously shown that differences in the mitochondrial protein profile, over a broad pH range of 3 to 10, may contribute differences in mitochondrial functionality and influence dietary energy utilization and oxidative stress (Grubbs et al., 2013a,b) . It is well established that a protein's functional phenotype is determined by posttranslational modifications (PTM) such as phosphorylation. Therefore, PTM differences may be more important than simple protein abundance. Posttranslational modifications may contribute differences in RFI phenotype between and within lines divergently selected for RFI. Use of a narrow pH range (4 to 7) improves the resolution of a two-dimensional (2D) protein profile and will aid in the identification of proteins that may be modified. Defining how the mitochondria protein profile responds to genetic selection for 1 The authors would like to thank Dr. Ed Steadham and Dr. Shannon Cruzen for their assistance with the laboratory portion of this project. They would also like to thank the Dekkers group, in particular Dr. Jennifer Young, for management, data collection, and RFI calculations associated with the RFI selection lines at Iowa State University. 2 This project was funded through the support of the Agriculture and Food Research Initiative competitive grant 2010-65206-20670 part of the United States Department of Agriculture's National Institute of Food and Agriculture.
RFI (Grubbs et al., 2013b; Smith et al., 2011) provides insight into cellular processes that govern feed efficiency. Therefore, the overall objective of this paper was to determine the extent to which the mitochondria protein profile of skeletal muscle and liver relate to feed efficiency in pigs divergently selected for RFI.
MATERIALS AND METHoDS

Animals
All animals were handled in accordance with procedures approved by the Iowa State University Animal Care and Use Committee (1-11-7058-S). Nine gilts from the high RFI and 9 gilts from the low RFI lines of the eighth generation of the Iowa State University swine RFI selection project were used in this experiment (Cai et al., 2008) . Pigs were selected by matching weights across lines and individually penned with ad libitum access to water and feed. All pigs were fed a standard cornsoybean-dried distillers grain solubles diet that met or exceeded NRC (1998) nutrient and energy requirements for this size pig. The diet and overall performance were reported previously (Grubbs et al., 2013a) . Growth performance is reported in Table 1 . Residual feed intake phenotype was calculated as previously described (Cai et al., 2008; Young et al., 2011) .
Tissue Collection and Mitochondria Isolation
All pigs were euthanized by lethal dose of sodium pentobarbital in pairs over 9 d (n = 1 per RFI line per day). A section of the longissimus dorsi (LD) from the lumbar region and a portion of the liver were collected and placed on ice for transport back to the laboratory (1 h postmortem). Liver was washed in PBS immediately before homogenization in the lab to facilitate blood removal.
Mitochondria were isolated via differential centrifugation as previously described (Grubbs et al., 2013b; Iqbal et al., 2004; Smith, 1967) but with modifications. All steps were carried out at 4° C. Each tissue (80 g) was homogenized in 5 volumes of Buffer A (220 mM mannitol, 70 mM sucrose, 2 mM HEPES, 1 mM ethylene glycol tetraacetic acid, and 0.5 mg/mL fatty acid free BSA, pH 7.4). The slurry was centrifuged (twice at 600 × g for 10 min) and the pellet was reserved. After each centrifugation, the supernatant was strained through twice folded cheesecloth. Mitochondrial pellets were formed by centrifuging at 7,750 × g for 20 min, the supernatant was decanted, and pellets were washed 3 times with Buffer B (220 mM mannitol, 70 mM sucrose, 2 mM HEPES, and 0.5 mg/mL fatty acid free BSA, pH 7.0). Washed mitochondria were suspended in 2 to 3 mL of Buffer B. A modified Lowry protein assay (Lowry et al., 1951) was performed to determine protein concentration (BioRad Laboratories, Hercules, CA). Mitochondria were placed Table 1 . Growth and performance measures within each of the 4 comparisons using pigs genetically selected for high versus low residual feed intake (RFI). Pigs were allocated according to the objective for each comparison. The RFI phenotype comparison grouped individuals based on their RFI phenotype irrespective of genetic selection line. The between-line comparison used only genetic line. In the within high RFI and low RFI line comparisons, pigs were grouped based on RFI phenotype within their respective genetic line into aliquots containing a total of 2 mg of protein, snap frozen in liquid nitrogen, and stored at -80°C until use.
Protein Solubilization
Aliquots of mitochondria were thawed on ice and then centrifuged (7,750 × g for 10 min) to pellet the mitochondria. The supernatant was discarded and 200 μL of the extraction buffer was added to the pellet (8.3 M urea, 2 M thiourea, 2% 3-[(3-Cholamidopropyl) dimethylammonio]-1-propanesulfonate, and 1% dithiothreitol at pH 8.5). Crude mitochondrial pellets were resuspended in extraction buffer and shaken vigorously for 30 min at 4°C. Samples were then centrifuged again at 10,000 × g for 30 min. The supernatant was reserved and the protein concentrations were determined using a Bradford Quick Start protein assay (Bio-Rad Laboratories). The samples were adjusted to a final protein concentration of 8 mg/mL using the extraction buffer.
Protein Profile Comparisons
To determine the extent to which the isolated mitochondria protein profiles of skeletal muscle and liver relate to feed efficiency differences in pigs, 4 separate 2D difference in gel electrophoresis (DIGE) experiments (comparisons) were conducted on the same samples and duplicate gels were run for each of the 26 comparisons across the 4 DIGE comparisons. The comparisons (Table 2) were based on RFI selection line, RFI phenotype, and performance data and included 1) between RFI selection lines (high and low; n = 18), 2) high versus low RFI phenotype regardless of selection line (n = 18), 3) RFI phenotype within the high RFI selection line only (n = 9), and 4) RFI phenotype within the low RFI selection line only (n = 9).
Two-Dimensional Difference in Gel Electrophoresis
Two-dimensional DIGE was used to determine differences in protein profile between the 2 groups within each of the 4 separate comparisons to address the project objective. Procedures outlined previously for DIGE (Anderson et al., 2012; Gardan-Salmon et al., 2011) were followed, with minor modifications. For each comparison, a pooled sample, to serve as a reference, was created from an equal amount of protein from all samples for a particular tissue or muscle. The pooled sample was also used in protein identification gels.
Each individual sample (50 μg) was labeled with CyDyes 3 or 5 (GE Healthcare, Piscataway, NJ) according to the manufacturer's directions. CyDyes were alternated between low and high RFI samples (Tonge et al., 2001) . CyDye 2 was used to label the pooled refer-ence sample for each design. For each individual run, 15 μg of labeled protein (CyDye 3 or 5) from a high and low RFI sample was used in addition to the pooled reference (CyDye 2) for a total of 45 µg of protein per gel. DeStreak Rehydration Solution (GE Healthcare) with 2.5 mM DTT was added to the protein mixture to the volume specified by the strip manufacturer (200 μL). The protein mixture was added to individual wells in a reswelling tray and an immobilized pH gradient (IPG) strip (11 cm, pH 4 to 7; GE Healthcare) was placed on top of the mixture and allowed to rehydrate overnight at room temperature in a humidified chamber. Isoelectric focusing was performed on an Ettan IPGphor isoelectric focusing system (GE Healthcare) for a total of 14,500 V h. After isoelectric focusing, strips were equilibrated using two 15 min washes, first with equilibration buffer (50 mM Tris-HCl pH 8.8, 6 M urea, 30% glycerol, 2% SDS, and trace amounts of bromophenol blue) with 65 mM DTT and second with equilibration buffer with 135 mM iodoacetamide.
Equilibrated strips were loaded onto 12.5% SDS-PAGE gels (acrylamide: N,N'-bis-methylene acrylamide 100:1, 0.1% SDS, 0.05% tetramethylethylenediamine, 0.05% ammonium persulfate, and 0.5 M Tris-HCL, pH 8.8) using agarose as an overlay. Samples were run on an Ettan DALT SIX system (GE Healthcare) using 24 cm wide gels placing two 11 cm strips on each gel. Each gel was run in duplicate, with separate isoelectric focusing steps and SDS-PAGE steps. Gels were imaged using an Ettan DIGE Imager (GE Healthcare). Images were processed and analyzed using DeCyder 2D software version 6.5 (GE Healthcare).
Spots determined to be different by analysis with DeCyder in each comparison were selected for identification. Unlabeled pooled protein references from each tissue (750 μg) were resolved using two-dimensional gel electrophoresis and stained with Colloidal Coomassie Blue Stain (1.7% ammonium sulfate, 30% methanol, 3% phosphoric acid, and 0.1% Coomassie G-250) for a minimum of 24 h before destaining in water for a minimum of 24 h. All reagents and buffers used during the protein identification step were filtered (Stericup Filter Unit, pore size 0.22 μm; Millipore Corp., Billireca, MA) before use to reduce potential contamination. Each identification gel was run in duplicate and selected spots excised from both gels were combined into a single sample for protein identification. Excised spots were excised and sent to the Iowa State University Protein Facility for identification. In-gel digestion (via trypsin or Lys C endopeptidase) using Genomics Solution ProGest (Chelmsford, MA) was performed. Peptides were dissolved in alpha-cyano-4-hydroxycinnamic acid (5 mg/mL in 50% CH 3 CN/0.1% Trifluoroacetic acid) and deposited to a matrix-assisted laser desorption/ionization (MALDI) target. Matrixassisted laser desorption/ionization mass spectrometry was performed using a QSTAR XL Quadrupole time-offlight mass spectrometer equipped with an orthogonal MALDI ion source (AB/MDS Sciex, Toronto, Canada). Peak lists were generated by Analyst QS version 1.1 (AB/ MDS Sciex). Spectra were processed by MASCOT database search version 2.2.07 (MatrixScience, London, UK). Search conditions included maximum one missed cleavage, fixed modification (carboxyamidomethyl cysteine), variable modification (oxidation of methionine), peptide mass tolerance of ±100 ppm, and fragment mass tolerances of ±1 Da. Molecular weight search (Mowse) score was the basis for protein identification and a threshold of less than 0.05 was used (Tables 2 and 3). A minimum of 3 peptides were required to confirm the identity of a protein and to be considered for discussion. Proteins not meeting these criteria are included in Tables 3 and 4 but not discussed in the context of RFI.
Western Blot Confirmations and Phosphoprotein and Total Protein Staining
A select number of spots identified by MALDI mass spectrometry were confirmed through the use of 2D western blots. The reference sample, comprising equal portions of all samples analyzed, was used for all western blots. Proteins selected for confirmation included heat shock protein (HSP) 70, ATP synthase subunit β, and HSP60 ( Fig. 1) . Antibodies for western blots were purchased from Abcam (Cambridge, MA). A total of 80 μg of protein were loaded onto 7 cm, pH 4 to 7 IPG strips with a total volume of 150 μL, as described previously. Strips were passively rehydrated overnight and isoelectric focusing and equilibration were performed according to the manufacture's protocol, as describe previously. After equilibration, strips were loaded onto 12.5% SDS-PAGE gels and run overnight at 20 V. Gels were then transferred and traditional western blotting techniques were used as described by Melody et al. (2004) .
Staining for phosphoproteins and total protein was conducted using 11 cm, pH 4 to 7 strips loaded with 150 μg of protein and run under conditions previously described. Strips were equilibrated and placed onto 12.5% SDS-PAGE gels and run at 40 V overnight. Gels were then stained using ProQ Diamond Phosphoprotein Stain (Molecular Probes Inc., Eugene, OR), following the manufacturers protocol. Gels were imaged using an Ettan DIGE Imager. Following imaging for phosphoproteins gels were stained with SyPro Ruby Total Protein Stain (Molecular Probes Inc., Eugene, OR) following the manufacturer's protocol. Gels were then imaged using an Ettan DIGE Imager.
Statistical Analysis
Growth and performance data were analyzed using the Proc Mixed procedure in SAS (SAS Inst. Inc., Cary, NC.), with a fixed effect of RFI group within the comparisons (e.g., high RFI line, low RFI line, high RFI phenotype, and low RFI phenotype) and random effect of day of euthanasia. In the growth analysis, differences with a P ≤ 0.05 were considered statistically significant. In the DeCyder analysis for the 2D-DIGE, spots present in 50% or more of the images with a P-value ≤ 0.15 were initially selected for identification. Additional prominent spots were also sent for identification. 
RESuLTS
Between Residual Feed Intake Line Comparison (Comparison Number 1) and Growth Performance
Growth and performance data for all 4 comparisons are summarized in Table 1 . In the between-line comparison, as expected, the average RFI value was significantly lower in the low RFI line than in the high RFI line (-0.15 and 0.03 ± 0.07 kg/d for the low and high RFI lines, respectively; P < 0.02). Average daily gain and ADFI were also significantly higher in the high RFI line (P < 0.05). The other comparisons-RFI phenotype across lines, within the high RFI line, and within the low RFI line-revealed similar results; RFI and ADFI were greater in the high RFI group in all contrasts. There were no differences in final BW between the high versus low RFI groups in each of the 4 comparisons (P > 0.05).
Differentially abundant mitochondrial proteins identified in the liver included HSP70 (mitochondrial specific), HSP60, ATP synthase subunit β, lactate dehydrogenase, and acyl CoA dehydrogenase ( Fig. 2; Table 3 ). In the between-line comparison, the level of these proteins was between 18 and 50% greater in the mitochondria from the more efficient low RFI line. These differences were not observed in the other 3 comparisons: RFI phenotype irrespective of phenotype across lines and within the high and low RFI lines. This supports the notion that genetic selection for RFI results in less variation and therefore more consistent and detectable changes in the mitochondria protein profile when compared to just RFI index or index within line. Alternatively, differences in RFI phenotype could be governed by factors such as other cellular organelles and systems.
The β subunit of ATP synthase was identified in 3 spots (13, 14, and 15) in liver mitochondria. All 3 identified spots were more abundant in the low RFI animals in the between-line comparison (23 to 37%; P < 0.01). Multiple spots were also identified as HSP60 (3 spots, 11, 12, and 12.1), HSP70 (spots 1 and 2), and aldehyde dehydrogenase (spots 20 and 23; Fig. 2 ). All 3 spots identified as HSP60 were more abundant in the low RFI line than in the high RFI line. The most basic identified spot of HSP60 (spot 11) was 30% more abundant (P = 0.077), spot 12 was 47% more abundant (P = 0.027), and spot 12.1 (the most acidic spot) was 50% more abundant (P = 0.029) in the comparison of the low versus high RFI line liver mitochondria. A similar trend was seen for the 2 spots identified as HSP70: spot 1 was 18% more abundant (P = 0.071) and spot 2 was 30% more abundant in (P = 0.017) in the low RFI line than in the high RFI line. The 2 spots identified as aldehyde dehydrogenase were in greater abundance in the low RFI line by 34 (spot 20; P = 0.041) and 26% (spot 23; P = 0.088). In addition to the multiple spots identified for other proteins, a single spot of medium chain acyl-CoA dehydrogenase was identified and was of greater abundance (24%) in the mitochondria from the liver from the low RFI line than the high RFI line (P = 0.01).
Interestingly, no significant differences in the protein profile of mitochondria from the LD were observed between the 2 lines. However, identified proteins included desmin, α-actin, HSP70, and subunit 1 of the cytochrome bc1 complex ( Fig. 3 ; Table 4 ).
Residual Feed Intake Phenotype Comparison (Comparison Number 2)
When comparing pigs based on RFI phenotype irrespective of line, no significant differences in the mitochondria from the LD were observed for proteins identified from spots in the RFI phenotype comparison, except for aldehyde dehydrogenase; 1 of 2 identified spots of aldehyde dehydrogenase was decreased in abundance in the low RFI phenotype pigs compared to the high RFI phenotype pigs (spot 23; 32%; P < 0.05; Table 5 ).
Within High Residual Feed Intake Line Comparison (Comparison Number 3)
Proteome analysis within the high RFI line showed both desmin and annexin-A6 to be different in abundance in the LD mitochondria. Desmin was greater abundance in LD mitochondria preparations from low RFI phenotype pigs when compared to the high RFI phenotype pigs (68%; P = 0.009). Annexin-A6 was determined to have lower abundance in the low RFI phenotype pigs than in the high RFI phenotype pigs (-31%; P = 0.013). In the mitochondria isolated from the liver, no differences in protein expression were observed for the proteins identified.
Within Low Residual Feed Intake Line Comparison (Comparison Number 4)
The comparison within the low RFI line showed that the LD mitochondria from high versus low RFI (Table 3) . A total of 45 µg of CyDye (GE Healthcare, Piscataway, NJ) labeled protein (15 µg of each CyDyes 2, 3, and 5) was loaded onto a 11 cm, pH 4 to 7 immobilized pH gradient strip for the first dimension and the second dimension was run on a 12.5% SDS-PAGE gel. Proteins labeled with CyDye 3 are shown. MW = Molecular Weight; pI = Isoelectric Point. (Table 4) . A total of 45 µg of CyDye (GE Healthcare, Piscataway, NJ) labeled protein (15 µg of each CyDyes 2, 3, and 5) was loaded onto a 11 cm, pH 4 to 7 immobilized pH gradient strip for the first dimension and the second dimension was run on a 12.5% SDS-PAGE gel. Proteins labeled with CyDye 3 are shown. MW = Molecular Weight; pI = Isoelectric Point. phenotype individuals yielded the greatest number of spots with differing abundances. Alpha actin and 2 spots identified as HSP70 were more abundant in the LD mitochondria from the low RFI phenotype pigs (58, 51, and 42%, respectively; P < 0.05). There was also a tendency for cytochrome bc1, subunit 1, to be decreased in abundance in the low RFI phenotype pigs when compared to the high RFI phenotype pigs within the low RFI line (43%; P = 0.087). Interestingly, no differences in protein profile in the identified proteins were observed in the mitochondria from the liver.
Western Blotting and Phosphostaining
Confirmation of spots identified as HSP70, HSP60, and ATP synthase β was performed via 2D western blot (Fig. 1) . In addition to the confirming the identity of the 3 proteins, phosphostaining was performed to determine if the individual spots identified were phosphorylated.
All of the spot identified as HSP60, HSP70, and ATP synthase β subunit were phosphorylated.
DISCuSSIoN
Mitochondrial reactive oxygen species (RoS) production is closely associated with feed efficiency in pigs (Grubbs et al., 2013a) and poultry (Bottje et al., 2002) . However, the cause of these differences has eluded researchers. We have reported the unique protein profile and PTM differences in comparisons of pigs that were genetically and phenotypically divergent in feed efficiency during the growing period. The differences in growth performance reported in these comparisons are consistent with previously published results from these same lines of pigs (Cai et al., 2008; Grubbs et al., 2013b; Harris et al., 2012; Smith et al., 2011) and another similar swine RFI genetic selection project (Barea et al., 2010; Lefaucheur et al., 2011) . Phenotypic differences in RFI without genetic selection for RFI have also been reported in cattle Table 5 . Two-dimensional difference in gel electrophoresis comparisons in mitochondria isolated from liver tissue. A total of 18 pigs (n = 9 per line) were allocated according to the objective for each comparison. The between-line comparison used only genetic line. The residual feed intake (RFI) across line comparison grouped individuals based on their RFI phenotype irrespective of genetic selection line. In the within high RFI and low RFI line comparisons, pigs were grouped based on RFI phenotype within their respective genetic line. 2 Negative values indicate an increase in abundance in the more efficient low RFI pigs and positive values indicate an increase in abundance in the less efficient high RFI pigs, within the comparison.
3 Standard error of normalized abundance. (Bottje and Carstens, 2009; Kolath et al., 2006) . The distinction between genetically selected RFI lines and phenotypic RFI differences is important when interpreting the molecular and cellular differences between high and low RFI animals. Factors influencing these differences include nutrient digestibility, protein turnover, environment, and cellular processes. An example of differences between genetically selected animals and phenotypic differences was observed in 2 separate studies on RFI in beef cattle. The first study used cattle (n = 195) from a single generation of genetic selection (McDonagh et al., 2001) and the other used RFI phenotype in a randomly selected group (n = 40; Kolath et al., 2006) . Changes in protein profile were not collected. However, 12th rib fat depth was significantly decreased (P < 0.05) in the low RFI line in the genetic selection study; in the random selection study, 12th rib fat depth was not significantly different between the 2 RFI groups (low RFI = 2.16 cm and high RFI = 1.92 cm; P = 0.15). A greater amount of biological variation in the random selection group may account for the lack of differences observed in the phenotypic RFI comparison. The result that differences in protein abundance were detected in the genetic line comparison could be explained by a consistent response to selection, indicating that genetic selection for RFI may be a better model for the explanation of biological differences in feed efficiency than phenotypic differences in RFI. For example, in the between-line comparison in mitochondria from the liver, all proteins identified were 18 to 50% more abundant in the more efficient low RFI line. These differences were not observed in the other 3 comparisons of RFI phenotype irrespective of line, within the high RFI line, and within the low RFI line. These observations indicate there may be a more consistent mitochondrial protein profile shift in pigs genetically selected for RFI. Evidence for this consistency is observed in the SE for the protein abundance in the between RFI line and RFI index comparisons. The SE for normalized abundance for spot 12.1 in the RFI phenotype was 0.40. In the between-line RFI comparison, the SE for normalized abundance for spot 12.1 was 0.31. A similar trend was observed for spot 15. In both cases (spot 12.1 and 15) the protein was significantly more abundant in the low RFI line in the between RFI comparison and not different in the RFI index comparison.
The results that show differences in mitochondria proteome in response to selection for RFI index compared to RFI phenotype alone could be interpreted several ways. The first explanation is that genetic selection for RFI index results in a direct change in abundance of individual proteins and their isoforms. The greater underlying differences lead to the enhanced ability to detect those differences. This may be because the line comparison is based on 8 generations of selection; the phenotypic comparisons are based on 1 group of pigs from the same generation. A second explanation is the possibility that observed differences in the line comparison could be false positives or the results from the other comparisons could be false negatives. Certainly statistical power may be an explanation for this result in the within-line comparisons. Finally, the explanation for differences in RFI phenotype may be independent of mitochondria proteome. In fact other factors including protein turnover (Cruzen et al., 2013) , stress (Bottje et al., 2006; Bottje and Carstens, 2009; Grubbs et al., 2013a) , and potentially other cellular organelles and the systemic physiological response to those factors likely will contribute to changes in the observed RFI phenotype. In contrast, 8 generations of selection for RFI may have resulted in a stable shift in mitochondria proteome.
This project used the second parity of the eighth generation of selection for low RFI. Selection for high RFI line began after the fifth generation of selection for low RFI (Cai et al., 2008) . Before the fifth generation, the high RFI line was a randomly selected control group, meaning genetic selection for high RFI lags 5 generations behind the selection for low RFI in the low RFI line. As with previously published reports in genetic selection for RFI in pigs, there was no difference in the final BW between the lines (Lefaucheur et al., 2011; Smith et al., 2011) . Data from this study and previously published reports Harris et al., 2012) on these same lines of pigs indicate that genetic selection for RFI may provide a good model for understanding molecular differences in RFI when compared to single phenotypic comparisons. Residual feed intake was different in all 4 comparisons; however, differences in protein profile of the mitochondria isolated from the LD and liver were inconsistent across the 4 comparisons.
The phenotype-based RFI comparisons in this study used the same pigs as the between-line RFI line comparison; however, the experimental design was only by RFI value, irrespective of line. Overall, a greater number of protein profile changes were observed in the RFI line comparison. The 4 comparisons in this experiment provide important evidence that rather than relying solely on phenotypic differences, genetic selection for RFI results in less variation to the mitochondria proteome, highlighting the molecular differences in mitochondria between the RFI lines. A recent report of differences in protein profile between obese and lean pigs show similar results that genetic selection may highlight protein profile differences to a greater degree that phenotype alone (Li et al., 2013) . In a whole muscle protein extraction, both ATP synthase β subunit and HSP60 were found to be increased in abundance in skeletal muscle in obese pigs when compared to skeletal muscle of lean pigs (Li et al., 2013) .
Heat shock protein 70, subunit 1 of the cytochrome bc1 complex, desmin, and α-actin were all identified in LD mitochondria. Both spots of HSP70 in the mitochondria from the LD were more abundant in the low RFI group within the low RFI line (spots 22 and 23: 51 and 42%, respectively; Table 6 ). Heat shock protein 70 isoforms are known for their "cytoprotective" effects (Fink, 1999; Kiang and Tsokos, 1998) such as regulation of protein folding (Muller et al., 2013) . Low HSP70 expression has been observed in cells and tissues that are not stressed (Kiang and Tsokos, 1998 ). An increase in HSP70 often coincides with an increase in cellular stress. Alternatively, an increase in HSP70 expression is thought to enhance the ability of a cell to handle an increase in cellular stress. Heat shock protein 70 blocks the activation of the apoptosis protease activation factor (APAF) by binding to the active site of APAF (Beere et al., 2000; Ravagnan et al., 2001) . By binding APAF, the activation of caspase-9 is blocked, inhibiting apoptosis. The greater abundance of HSP70 in the mitochondria from the LD in the low RFI group within the low RFI line comparison indicates pigs with low RFI phenotype could be more biologically prepared to defend against cellular oxidative stress and apoptosis. This cellular preparedness could be responsible for the observed increase in efficiency of the low RFI line by decreasing the amount of energy a cell must expend in response to low levels of oxidative stress, increasing the amount of energy available for growth in low RFI pigs.
The individual spot identified as cytochrome bc1, subunit 1 (Table 6 ; Fig. 2 ) tended to be greater in abundance in the mitochondria from the LD in the low RFI group in the within the low RFI line comparison (43%; P = 0.087). Cytochrome bc1 is also known as complex III in the electron transport chain and comprises 11 different subunits (Hunte et al., 2003; Iwata et al., 1998) . Of the 11 subunits known, subunit 1 is 1 of 2 "core" subunits of complex III (Iwata et al., 1998) . An increase in the expression of individual components of complexes of electron transport could indicate differences in the ability of electron transport chain to efficiently produce ATP.
Respiration of the mitochondria may be influenced by the distribution of the mitochondria within a tissue. Oxygen supplied through the blood is necessary for full electron transport to occur. Unequal distribution of mitochondria within a tissue could cause oxygen deprivation in mitochondria dense areas. Desmin has been linked with to the distribution of mitochondria within the muscle cell due to mitochondrial interactions with the intermediate filaments (Capetanaki, 2002; Milner et al., 2000) . A greater abundance of desmin was observed in the low RFI group within the high RFI line comparison. Desmin, while not directly related to mitochondrial function, does have a role in mitochondria distribution within the muscle cell and may be indicative of more efficient respiratory function (Milner et al., 2000) . An equal distribution of mitochondria contributes to more efficient respiration and potentially ATP production. Table 6 . Two-dimensional difference in gel electrophoresis comparisons in mitochondria isolated from the longissimus dorsi muscle. A total of 18 pigs (n = 9 per line) were allocated according to the objective for each comparison. The between-line comparison used only genetic line. The residual feed intake (RFI) across line comparison grouped individuals based on their RFI phenotype irrespective of genetic selection line. In the within high RFI and low RFI line comparisons, pigs were grouped based on RFI phenotype within their respective genetic line. Therefore, the differences in the abundance of desmin in the within high RFI line comparison may be pertinent to the discussion of biological efficiency. As such, the increase in abundance of desmin may impact respiration influencing mitochondrial growth and replication, impacting energy usage and biological efficiency.
In the liver, the β subunit of ATP synthase in the liver mitochondria was found to be greater in abundance in the low RFI line for all 3 spots identified in the between RFI line comparison. The β subunit of ATP synthase is located in the F1 stalk and knob that extends into the mitochondria matrix from the inner membrane (Boyer, 1997) . The main function of the β subunit in the ATP synthase complex is the conversion of ADP to ATP in electron transport chain (Boyer, 1997; Noji et al., 1997; Yoshida et al., 2001) . The β subunit works in conjunction with the α subunit to form ATP in a "rotary engine" fashion (Noji et al., 1997) . Previously, the α subunit of ATP synthase was identified in generation 7 of the RFI line as being more abundant in the more efficient low RFI line in mitochondria from the red portion of the semitendinosus muscle (Grubbs et al., 2013b) . The increase in ATP synthase β subunit could indicate an increase in the ability to produce ATP or an increase in overall ATP production. Either scenario is consistent with the increase in efficiency observed in the low RFI line. The production of more ATP with less dietary energy would increase pork production efficiency by decreasing dietary intake. No differences in the expression of the ATP synthase subunit β were detected in the other 3 comparisons (P = 0.35 to 0.94).
In the liver HSP70, HSP60, and medium chain acyl-CoA dehydrogenase expression were not observed to be different in the phenotype comparison. Heat shock protein 70 was identified in 2 spots at a similar molecular weight in the liver mitochondria. In the between RFI line comparison, both spots of HSP70 (spots 1 and 2 in Fig.  2) were increased in the more efficient low RFI line (30 and 18%; P = 0.017 and P = 0.071, respectively). A PTM is indicated by a result such as this. Heat shock proteins are highly conserved across species; between humans and mice there is a 98.4% homology between mitochondrial HSP70 (GRP75_Mouse and GRP75_Human). The mitochondrial isoform of HSP70 has not been sequenced in the pigs. However, with the high degree of homology and the ample characterization in other species, PTM in the form of phosphorylations were hypothesized and confirmed in this study. Several phosphorylation modifications of HSP70 are known to exist in humans, mice, and hamsters (Kiang and Tsokos, 1998) . In human HSP70, a phosphorserine at residue 200 and a phosphotyrosine at residue 568 have been reported. Phosphorylation will have minimal impact on the molecular weight of a protein. However, as a protein becomes more phosphorylated the isoelectric point will decrease. This change in isoelectric point could be linked to changes in function or activity, as observed in other pathways.
Heat shock protein 60 was determined to be phosphorylated. Heat shock protein 60 has long been suggested to play an anti-apoptotic role in the cell (Shan et al., 2003) and control protein homestasis (Voos, 2013) . A total of 3 spots were identified as HSP60 and all were increased in the low RFI line in the between RFI line comparison. This may indicate mitochondria from the liver in the more efficient low RFI line may be better suited to handle stress and limit apoptosis and mitophagy. Heat shock protein 60, like HSP70, is also highly conserved across species and has yet to be sequenced in the pig. Heat shock protein 60, identified in spots 11, 12, and 12.1, has high homology with both Homo sapiens (spot 12) and Gallus gallus (spots 11 and 12.1). The homology between the 2 latter species is 94%. Several phosphorylations of HSP60 have been reported in humans: phosphoserine at residue 70 and 2 phosphotyrosines at residues 223 and 227. These modifications indicate that multiple spots, depending on the number of phosphorylations, could be present.
With the potential for phosphorylations present for the proteins identified, phosphostaining was undertaken to establish if the spots identified as HSP60, HSP70, and ATP synthase β subunit were indeed phosphorylated. As reported in Fig. 1 , all of the spots identified as HSP60, HSP70, and ATP synthase β subunit were phosphorylated. It is also widely known that phosphorylations play an important role in protein function. In the case of HSP70, both spots identified were increased in the more efficient low RFI line and both were phosphorylated, possibly indicating an increase in activity of HSP70 in the mitochondria of pigs from the low RFI line. Phosphorylation of ATP synthase β subunit has been implicated in the control of ATP synthesis in type 2 diabetes in humans (Højlund et al., 2003) . These data support the hypothesis that the proteins identified change in abundance and phosphorylation and that these changes influence animal phenotype (Davies et al., 2000) .
Genetic selection for RFI in pigs has provided a model that allows researchers to elucidate some of the biological differences in feed efficiency. The 4 comparisons made in this study provide evidence that genetic selection for RFI impacts the protein profile of the mitochondria from the liver and LD muscle in growing pigs. In the between RFI line comparison, genetic RFI lines were found to differ in RFI phenotype and mitochondrial protein profile. Identification of proteins related to ATP production and cellular rescue indicate changes in metabolism that impact efficiency. Conversely, the other phenotype-based comparisons indicated limited differences in protein profile. These data indicate that genetic selection for RFI and phenotypic differences of RFI impact the protein profile of mitochondria in different ways. The protein profile of mitochondria consistently aligned more with genetic selection than RFI phenotype. Future studies undertaken with the intent of understanding biological differences in RFI should focus on genetic line differences rather than solely on RFI phenotype differences. By using this approach, the results may yield an indication of how the biological differences of feed efficiency, energy, and ROS production affect livestock.
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